This work analyzes the corrosion protection of the aluminum alloy AA-7075-T6 by poly-o-methoxyaniline (POMA) films, deposited by casting solution. The potentiodynamic polarization curves obtained in 0.6 mol L -1 NaCl solution indicate protective characteristics of POMA compared to polyaniline (PAni), indicating superior barrier properties. Open circuit potential measurements in NaCl solution and salt spray tests also confirm the efficiency of POMA films in the protection of alloy. POMA films demonstrate appreciable corrosion resistance during the exposition in salt spray, protecting the metallic surface for up to 200 h.
INTRODUCTION
Studies of the electrochemical behavior of aluminum alloys in aqueous solutions of NaCl reveal that these alloys, when exposed to chloride ions, present localized corrosion, usually denoted as pitting corrosion [1, 2] . Aluminum alloys corrode depending on their composition, for example copper in the alloy increases pitting attack by forming galvanic couples. Since an alloy has simultaneously anodic and cathodic sites in constant electrical contact, the best way to inhibit corrosion is to interrupt this contact. There are many methods to prevent corrosion and the most commonly used includes organic or inorganic barrier coatings and passivating inhibitors, such as conducting polymers. Complete protection can often be obtained by combining a cathodic or anodic inhibitor with a barrier coating [3] .
The AA-7075 aluminum alloy has been extensively investigated due to its broad application in the aerospace industry. This alloy presents a heterogeneous and complex microstructure, composed of primary alloying elements, such as, coopper, zinc, magnesium and iron in solid solution and, forming zones, precipitates and intermetallic particles of various shapes, sizes and compositions [3, 4] .
Initial studies concerning the corrosion protection of mild and stainless steels began by using polyaniline (PAni) and polypyrrole (PPy) [5] [6] [7] . In the course of investigating the corrosion protection of mild and stainless steels, PAni has achieved its preferential position and interest due to its straightforward polymerization, excellent chemical stability, and high conductivity. Subsequently, a number of papers have been published on corrosion protection of steels by PAni films [8] [9] [10] [11] [12] [13] .
In others studies, soluble polyanilines such as poly(o-methoxyaniline) (POMA) [14] and poly (o-ethoxyaniline) [15] have been considered for use as organic inhibitors against corrosion and for reduction of the corrosion rate of iron in HCl solution. The use of substituted polyaniline prepared by chemical oxidation has also been investigated and POMA, also called as poly(anisidine), has shown to be efficient as inhibitor against corrosion. This has been attributed to the formation of complexes with metallic surface, such as stainless steel [16] , copper [17, 18] and carbon steel [19] .
Shah et al. [20] electropolymerized POMA by cyclic voltammetry on the aluminum alloy AA-2024 from 0.3 mol L -1 oxalic acid solution containing 0.1 mol L -1 o-methoxyaniline and evaluated the corrosion protection promoted by POMA coatings by potentiodynamic polarization. The authors reported that POMA coatings stabilize the passive films on the AA-2024 alloy reducing the metal dissolution. Additionally, this helps to ennoble the metal surface, but do not reduce the corrosion rate of metal.
Recent investigations report that effective corrosion protection can be obtained by the undoped or non-conducting form of PAni. The protection is not only by barrier effect, but it is believed that conducting polymers contribute to the formation of a passive oxide layer on the steel surface through metal its oxidation [21] .
Actually, PAni has been categorized as an intractable polymer for being neither dissolved in conventional organic solvents used in the painting industry and nor can be applied after melting. However, PAni is easily electrodeposited at inert electrodes such as gold and platinum, but it is much more difficult to generate this polymer at aluminum electrodes. This is related to the thin, but highly stable protective oxide, Al 2 O 3 , which forms on aluminum surface and acts as a barrier, inhibiting the electron transfer and the polymerization process. Thus, in some cases the deposition of PAni by casting solution is the more viable method, in some cases. Despite this, fewer reports describe the deposition of polyanilines (PAni and POMA) on aluminum alloys, such as AA-7075-T6 [22] [23] [24] [25] [26] .
When other active metals are on the surface of the aluminum alloy, i.e. coopper, allied to PAni protection mechanism, others processes can occur, such as, oxidation of copper, complexation of aluminum and/or copper cations by the PAni [27] and the involvement of dissolved oxygen [12] .
The aim of the present work is to present the results of corrosion protection obtained by casting solution deposition of PAni and POMA films on AA-7075-T6. To the best of our knowledge there are no studies in the literature detailing the deposition of POMA compared to PAni on AA-7075-T6, and their subsequent corrosion protection effect. So, the studies were performed by using potentiodynamic polarization curves, open circuit measurements in NaCl aqueous solution and salt spray tests (accelerated corrosion).
EXPERIMENTAL

Chemicals
Aniline and o-methoxyaniline monomers (chemical structures in Figure 1 ), reagent grade from Mallinckrodt, were previously vacuum-distilled over zinc dust and stored in the darkness container prior to use. All others reagents were used as received and the aqueous solutions were prepared by using Milli-Q (Millipore) water. 
Chemical polymerization of polyaniline and poly(methoxyaniline)
The chemical syntheses of PAni and POMA were performed at 0 o C as described by Manohar et al. [28] , using a sulphuric solution (0.5 mol L The polymer precipitate was recovered by filtration and washed with distillated water. A part of the resulting polymer was placed in contact with 0.1 M NH 4 OH solution for 24 h to achieve deprotonation and then rinsed with water. Finally, the polymer was dried at 60 °C for 72 h under a dynamic vacuum.
Polymers-characterization
FTIR spectra of PAni and POMA undoped samples were obtained using a Bomem MB-102 FTIR spectrophotometer and KBr disc technique, in the range of 400 -4000 cm -1 .
Preparation of PAni and POMA films
The polymers in form of emeraldine base (EB) were dissolved in a solution in weight of N-methyl-2-pyrrolidone (7% -NMP). The solution was filtered, applied on the surface by casting and dried in an oven at 45 °C over 12 h. The adhesion of the films on the aluminum coupons was verified by the Sellotape test. The test consists of applying pressure to the tape with pressure over the entire surface area of the sample. The tape is then removed by slow peeling back of the tape, according to the standard method (NBR 11003 [29] ). The remaining underlying surface of the coating after each removal was characterized by good adhesion.
Preparation of electrodes
The aluminum alloy 7075-T6 has the following nominal composition: 0.4% Si, 0.5% Fe, (2.1-2.9)% Mg, 0.3% Mn, (1.2-2.0) % Cu, (0.18-0.28)% Cr, (5.1-6.1)% Zn, 0.2% Ti, 0.15% other constituents and the remaining percentage as Al (according to ASTM-specification). AA-7075-T6 aluminum alloy plates with surface area of (2 x 2.5 cm). After mechanically polishing with emery paper (320 to 1200 grade) and degreasing with ethanol, the samples were dried at 25 o C and used as working electrodes
Potentiodynamic polarization
Using duplicate samples of each preparation, the corrosion studies were performed by obtaining potentiodynamic polarization curves at 1 mV s -1 in 0.6 M NaCl aqueous solution at 25 o C. A single compartment electrochemical cell was used, with a plaque of the alloy with geometric area of 0.3 cm 2 as the working electrode, a platinum plaque (4 cm 2 ) as counter electrode and as reference, a saturated calomel electrode (SCE). A potentiostat/galvanostat 273A controlled by M352 corrosion software (EG&G / PARC) was utilized.
Salt Spray Test
Three samples of each alloy without and with recovery PAni and POMA films were subjected to the salt spray test according to ASTM-B117. The surface of the aluminum alloy plates (2 cm x 2.5 cm) was recovered by drop casting with PAni and POMA films. The back and edges of the substrates were isolated with alquilic resin. The samples were placed in a spray chamber (BASS, Model BASS USC-01/02/03/-280 L) and continuously sprayed with 5% NaCl solution (pH 7) at 35°C. At certain times the samples were removed and visually assessed for under-film corrosion, blistering and degree of rusting. Figure 2 illustrates FTIR spectra of undoped polymers. The characteristic POMA bands in the spectra occur at 2850, 1600, 1210 and 1130 cm -1 , in agreement with the literature [30, 31] . At 3263 cm -1 the band is attributed to N-H stretching vibration of the secondary amine. Due to the presence of CH 3 in the POMA structure, vibration modes associated to aromatic and aliphatic C-H stretching are observed between 2933 -2839. The bands at 1512 and 1591 cm -1 are due to benzenoid (B) and quinoid (Q) groups, respectively. The vibration modes corresponding to N-H groups are observed at 1337 cm -1 . The bands at 1211, 1171 and 1124 cm -1 are attributed to 1,2,4 tri-substituted benzene rings in the structure [31] . Comparatively, the POMA spectrum slightly differs from the PAni one, in agreement with the literature [31] . The ratio between the bands associated with benzenoid and quinoid groups (B/Q ratio) has been associated with conducting polymer conductivity [31, 33] and the amount of repetitive units that compose the polymeric chain [34] . For this association when the B/Q ratio is 1, the polymeric chain contains the same amount of benzenoid units and quinoid units (i.e.: 1:1). The values of the B/Q ratio obtained for PAni and POMA were approximately 0.5 and 0.97, respectively indicating that (i) POMA presents more quinoid structures that help to increase the number of anchoring points at the surface, facilitating stronger adsorption on the aluminum alloy, and (ii) greater coverage of the surface aluminum alloy will probably enhance corrosion inhibition.
RESULTS AND DISCUSSION
FTIR spectrum of PAni and POMA
Analysis of polymer coatings on AA-7075-T6 surface
Polymer coatings on the AA-7075-T6 surface revealed that the nature of the monomer does not influence the film formation, as can be seen from the optical images in Fig.3 .
PAni POMA The PAni or POMA coating appear as uniform and homogeneous films on the AA-7075-T6 alloy surface (Fig.3) . The film adhesion on the alloy surface was sufficiently strong that it was not possible to remove after a scratching procedure [29] . Figure 4 shows the potentiodynamic polarization curves of AA-7075-T6 alloy uncoated and coated with PAni and POMA films in 0.6 mol L -1 NaCl solution. The corresponding corrosion potentials (E corr ), corrosion currents density (I corr ) and corrosion rate (C.R.) are presented in Table 1 .
Potentiodynamic polarization
Although all the coatings caused small (<100 mV) positive shifts in the corrosion potential, when compared to uncoated aluminum alloy, the Tafel plots revealed that only the POMA coating resulted in decrease in the general corrosion rate (about 4 times lower than PAni). Both PAni and POMA films promoted an increase in the corrosion current density, when compared to the uncoated aluminum alloy, probably as a result of improved kinetics for the oxygen reduction reaction, which occurs at the polymer/electrolyte interface. The above results indicate that reduced protection is promoted by PAni films and better efficiency is obtained for POMA films. This behavior can be explained by considering the greater affinity of the methoxy group in POMA structure for the metallic surface [35, 36] . This effect results in better: (i) adsorption of POMA films on the AA-7075-T6 alloy surface and (ii) retarding of ion exchange from the electrolyte to the metal surface. These effects also were observed for Poly(o-anisidine) electrodeposited on AA-2024 [20] and PAni-POMA copolymer films on stainless steel [37] .
The ineffectiveness of PAni films as corrosion inhibitors on AA-7075-T6 can be ascribed to the nature and formation of the Al 2 O 3 passive layer. However, a positive shift in the corrosion potential suggests that corrosion protection occurs.
The AA-7075-T6 aluminum alloy contains high contents of copper, magnesium and zinc (inter-metallic constituting). Thus, the organic compounds on the alloy surface can act in different ways, such as by complexation of metallic ions, which are incorporated into oxide layers. In the case of organic compounds containing ionizable groups, such as the methoxy group into the POMA structure, this can electro-statically interact with the metallic surface by formation of surface complex, which can affect both the formation rate and extension of the oxide layer. Thus, POMA films are more efficient at inhibiting the corrosion process of AA-7075 in the presence of chloride ions. Figure 5 shows the dependence of the time-open circuit potential (OCP) for AA-7075-T6 coated with PAni and POMA films, as well as for the uncoated alloy. It is evident that the AA-7075-T6 uncoated alloy presents a less negative potential compared to other systems. This is better evidenced in Fig. 5 (I) , which shows the first 24 hours of immersion. When the AA-7075 alloy surface is exposed to 0.6 M NaCl solution, the OCP is initially negative at -1.03 V. As expected, rapid corrosion of the metal surface occurs in this environment. In contrast, for AA-7075 coated with POMA, initially the values are more positive, climb to a steady-state value of around -0.84 V, while for PAni the value is around of -0.90 V for a period of two-hours. Over a period of 720 h in NaCl solution was not observed the delamination of the PAni and POMA films. However, POMA films, coated on AA-7075, promoted a better ennoblement of the metal surface due to passivation (Fig. 5 (II) ).
Open Circuit Potential Measurements
Interpretation of OCP values is very complicated due to (i) the substrate is an aluminum alloy with superficial electrochemical cells which probably determines the value of the OCP [38] ; (ii) the medium (aerated NaCl) simultaneously contains both molecular oxygen and chloride ions; (iii) the different films on the AA-7075 surface can have anodic corrosion inhibition properties. Beyond all this, these factors allied to the redox reaction that occurs at the conducting polymers/ metal interface, can also be responsible for the oscillations in the OCP during the first hours of immersion in solution. These results substantiate earlier results as well as demonstrating that POMA films are quite effective against corrosion even when there is no top barrier coating.
Salt Spray Test
The salt spray test was performed on AA-7075-T6 plates uncoated and for the two coating systems (PAni and POMA films). Among properties of films were assessed the blistering by the corrosion and the degree of rusting. Figure 3 shows the optical images of different samples at initial time, while the Figure 6 shows the optical images of PAni and POMA films after 200 h exposition in salt spray. The test showed that both coating systems provide efficient corrosion protection and complete suppression of under film corrosion over a period of more than 144 hours. In particular, for POMA films significant change occurs between same sample and this is observed after 200 hours. This must be regarded as an indication of the efficiency of the corrosion control by POMA films. In the case of PAni films on AA-7075-T6, there was a marked tendency to form blisters and this occurs in the first 15 hours. The same occurred to POMA films, though the blistering was not observed until after 24 hours (images no showed). The results of the salt spray test strongly corroborate with prior results, making it viable for individual investigation as an organic coating system for industrial applications.
CONCLUSIONS
Chemically synthesized POMA films protect the AA-7075-T6 aluminum alloy against corrosion in the presence chloride ions. Comparatively, POMA films are more efficient than PAni films. Potentiodynamic polarization measurements in 0.6 mol L -1 sodium chloride solution show more noble characteristics of AA-7075-T6 coated with POMA films, indicative of its superior barrier properties. The barrier property contributes appreciably towards the corrosion resistance of POMA films. These films demonstrate an appreciable corrosion resistance without any top barrier coat, indicating that the adhesion strength of POMA films on the AA-7075-T6 aluminum alloy surface was found to be appreciable, and when exposed to the accelerated corrosion tests the films were less affected.
